Absolute calibration forms a valuable diagnostic tool in small-angle scattering experiments and allows the parameters of a given model to be restricted to the set which reproduces the observed intensity. General methods which are available for absolute scaling of small-angle X-ray scattering (SAXS) data are reviewed along with estimates of the degree of internal consistency which may be achieved between the various standards. In order to minimize the time devoted to calibration in a given experimental program, emphasis is placed on developing a set of precalibrated strongly scattering standards for the SAXS facilities of the National Center for Small-Angle Scattering Research (Oak Ridge). Similar standards have been developed previously for calibration of small-angle neutron scattering (SANS) data. Particular attention is given to standards which can be used for either SAXS or SANS experiments where each sample has been independently calibrated for both types of radiation. These calibrations have been tested via the theoretical relationships between the two cross sections. It has been found that specimens best suited for such intercalibration purposes are a glassy carbon specimen where the scattering arises from voids in a carbon matrix and a perdeuterated polyethylene where the scattering arises from periodic arrangement of the crystalline lamellae. In only these two cases could the identical specimen be used for both the neutron and X-ray scattering experiments.
Introduction
The technique of small-angle X-ray scattering (SAXS) has been widely used in many fields (biology, polymer science, colloids, metallurgy etc.) mostly using longslit cameras. Since the early 1970s, small-angle neutron scattering (SANS) has also found numerous applications in the above fields and many cameras have been developed, almost exclusively using point geometry. During this time, several SAXS cameras have been constructed, also using point geometry, for which resolution corrections are minor. The importance of absolute calibration of small-angle scattering (SAS) has been recognized since the beginnings of the technique for both X-rays (Kratky, Porod & Kahovec, 1951; Kratky, 1964; Hendricks, 1972; Hendricks & Shaffer, 1978; Russell, 1983) and neutrons (Cocking, 1967; Schelten, 1973; Schelten & Hendricks, 1975; Wignall & Bates, 1986) .
In view of the maturity of small-angle scattering (SAS) techniques, it is surprising that a significant fraction of data are still published in arbitrary units which are functions of the time scale of the experiment, scattering geometry and the sample dimension, e.g. thickness. Data are generally presented in the form of scattered intensity (counts per scattering element, counts per unit time etc.) versus Q, the scattering vector, which is given by (4~/2)sin 0 where 2 is the wavelength of the incident X-rays or neutrons and 20 is the scattering angle.
Conversion of the data to an absolute differential scattering cross section per unit volume, dZ(Q)/d~, typically in units of cm-1, may be accomplished by multiplying by a calibration constant. Use of absolute scattering is not necessary for the measurement of the interference function. For example, evaluation of the radius of gyration Rg of polymers in solution or in bulk by SANS or the determination of the thickness distribution functions of the crystalline and amorphous phases in semicrystalline polymers by SAXS can be accomplished with relative scattering intensities. However, placing the data on an absolute scale is necessary for the determination of molecular weights (Kratky, Porod & Kahovec, 1951) , the number density of particles (Hendricks, Schelten & Schmatz, 1974) , the scattering-length densities of phases in multiphased systems (Alexander, 1969) and to restrict the parameters of a given model to the set which reproduces the observed intensity (Hayter & Penfold, 1983; Cabane, Duplessix & Zemb, 1985; Wignall & Bates, 1987) . It is also a useful means for the detection of artifacts in SAS experiments (Wignall & Bates, 1987) .
Despite the obvious advantages of placing data on an absolute scale, the use of suitable calibration techniques is by no means universal in the SAS field. This situation is due in part to the fact that many of the primary calibration techniques require special equipment and can be difficult and time consuming (Patel & Schmidt, 1971) . In view of the limited time scale of many SAS experiments of steady state reactors, pulsed neutron and synchrotron sources, users are naturally reluctant to devote a significant fraction of beam time to calibration experiments. One solution to this problem is to develop precalibrated strongly scattering samples that may be measured rapidly in a given geometry, not detracting significantly from the available beam time. Secondary standards suggested for SAXS application include gold sols (Kratky, Porod & Kahovec, 1951; Hermans, Heikens & Weidinger, 1959) ; aluminium-silver alloys (Walker & Guinier, 1955) ; silica suspensions (Patel & Schmidt, 1971; Russell, 1983) ; glass carbon (Perret & Ruland, 1972) , in addition to the widely used polyethylene standard (Lupolen) developed by Kratky and coworkers (Kratky, 1963 (Kratky, , 1964 Kratky, Pilz & Schmitz, 1966; Pilz & Kratky, 1967; Pilz, 1969) .
Precalibrated standards developed for SANS facilities include Lupolen (Schelten, 1973) used at the KFA-FRJ-2 SANS facility (Jfilich, Federal Republic of Germany) and water used at the Institut LaueLangevin (Jacrot & Zaccai, 1981; Oberthfir, 1984) . To a first approximation SANS from polyethylene and water samples is isotropic and such standards cannot be used at low Q values with long sampledetector distances owing to the low intensity. Standardization involves a measurement at short sample-detector distance r, followed by scaling to the r value of the measurement via the inverse square law. A series of standards was developed at Oak Ridge for the 30 m SANS facility of the National Center for Small-Angle Scattering Research (NCSASR) which permits direct calibration in any Q range chosen for the measurement (Wignall & Bates, 1987) . This procedure has the advantage that no realignment is required when the instrument is changed from the measurement (scattering) geometry to an independent calibration geometry, each with different sample-detector distances and possibly different slit position, beam center etc.
As the NCSASR facilities include SAXS instrumentation in addition to SANS facilities, we have also developed secondary standards for SAXS absolute calibration. Moreover, since the r on the ORNL 10m SAXS instrument may be varied from 1"0 to 5"0m (Hendricks, 1978) , a range of standards is needed to cover a wide Q range (0"0005<Q <0-4A-~). Particular attention has been given to those standards which can be used for either SANS or SAXS where each sample has been independently calibrated for both types of incident radiation. These calibrations have then been cross checked via the theoretical relationships between the SAXS and SANS cross sections (Schelten & Hendricks, 1975) . The use of multiple calibration methods also facilitates the detection of potential artifacts in any one method.
It should be noted at this point that the SANS calibrations discussed are strictly for a fixed-wavelength spectrometer. With the advances being made in pulsed neutron sources, special considerations must be made for the wavelength dependence of the calibrations. Such considerations are beyond the scope and intent of this study.
Calibration methods
The general methods which are available for absolute scaling of SANS data have been described in detail by Wignall & Bates (1987) . These methods were used to calibrate a series of standards suitable for SANS experiments though none of these samples is particularly suitable for SAXS calibration because of the high attenuation of X-rays and the fact that SAXS experiments are not sensitive to deuterium labeling. Whenever possible, the materials described in this paper are chosen such that a typical sample of thickness ca 1 mm has a transmission T of ca 50% for both SAXS and SANS. This was done so as to maximize the amount of scattering for both techniques while maintaining multiple scattering effects at a negligible level. The neutron differential cross sections were calibrated against the NCSASR SANS standards. X-ray calibration of the same materials was accomplished by use of several techniques including calibration of silica sols (Russell, 1983) , Ludox suspensions (Patel & Schmidt, 1971) , and the isotropic scattering from water (Hendricks, Mardon & Shaffer, 1974) .
In addition, experiments were performed on two polyethylene samples, the Kratky Lupolen standard and also Eltex A1050 (Schelten, Ballard, Wignall, Longman & Schmatz, 1976) , each of which had been independently calibrated against octafluorocyclobutane gas C4Fs (Schelten & Hendricks, 1975; Hendricks, 1972) .
The differential scattering cross section is defined (Turchin, 1965) as the ratio of the number of particles (neutrons or X-ray photons) scattered per second divided by the incident flux (particles cm-2 s-1) per unit solid angle and thus has the dimensions of area (cm2). On normalizing to unit sample volume, the differential cross section dZ(Q)/dO has units of cmFrom the above definition the relationship between the scattering cross section and the measured count rate I(Q.) (counts s-1) in a detector element with area Aa and counting efficiency ~, situated normal to the scattered beam at a distance r from the sample, is given by
Here Io is the intensity (counts s-1 cm -2) on a sample of area A, thickness t and volume V= At. The measured transmission T is given by T= e -"t where/~ is the linear attenuation coefficient and accounts for the attenuation of the beam on passing through the sample. For SAS, it is assumed that the attenuation factor is the same for all scattered X-rays or neutrons and that the solid angle subtended by a detector element is independent of 20 for small angles where cos 20 is close to unity. Since the time dimension cancels in both the numerator and denominator of (1), absolute calibration reduces to measuring the constant KN = eloAa. This may be determined by comparison with a standard of known cross section run in the same scattering geometry for the same time period. In order to eliminate drifts in the flux on the sample, an incident-beam intensity monitor is usually employed and comparisons are made for the same number of monitor counts, i.e. the same number of incident particles. The differential scattering cross section dS/df2 has dimensions of inverse length (cm-1) and is directly analogous to the Rayleigh ratio used in light scattering studies (Kirste, Kruse & Ibel, 1975; Wignall, 1987; Koberstein, Russell & Stein, 1979) .
The neutron measurements were performed on the NCSASR 30m SANS facility (Koehler, 1986) . The incident beam of wavelength 2.37 or 4"75 A (A2/2 = 6%) was collimated by source and sample slits and three horizontal beam guide sections, each 2 m long, served to transport the effective source to distances of 5"5, 3"5 or 1.5 m from the sample. With the guides out of the presample flight path, pinhole geometry was generally used with collimating slits of 0.5-3.5 cm in diameter separated by a distance of 7-5 m. The area detector (64 x 64 cm), with 1 cm 2 element size mounted on rails inside a 20 m vacuum flight path, was positioned at distances 1.4-18.9m from the sample to give an effective Q range of 0"002 < Q < 0"70.~-1. In all Q ranges, the scattering patterns were corrected on a cell by cell basis for instrumental backgrounds, detector efficiency variation, divided by the sample transmission (7) and thickness (t), and normalized to a constant incident flux. Correction for the spatial variation of detector efficiency was accomplished by dividing all measured scattering patterns by the background-corrected scattering from an isotropic scatterer (H20). Some measurements were also performed on the ORNL 10 m SANS instrument using identical procedures.
One set of X-ray scattering measurements was performed on beamline I-4 at the Stanford Syn-PROCEEDINGS 631
chrotron Radiation Laboratory (SSRL). The white X-ray beam from a bending magnet impinged upon a platinum-coated 0-5 m glass mirror (4 A r.m.s, roughness) that was bent to approximate an ellipse. The mirror, tilted at 17 mrad to the incident beam, focused the beam vertically. The beam was then focused horizontally and monochromated with an asymmetrically cut Si(lll) crystal. The mirror and monochromator were bent so as to focus the beam on the detector plane 1.5 m from the monochromator. The monochromatic beam (2= 1/429~) then passed through a helium-filled tube with two sets of slits on each end to eliminate parasitic and stray radiation. A beam monitor, comprised of a Kapton (E. I. DuPont deNemours Tradement) sheet set at 45 ° to the incident beam which scattered some radiation into a scintillation detector, continuously measured the drift in the incident-beam intensity. A beam ca 1.5 x 1-5 mm in size impinged on the sample and the scattered radiation passed through a 0"5 m evacuated flight path onto the detector. A monitor placed immediately after the sample provided a direct measure of the transmission factor of the specimen. The detector (Stephenson, 1982) was a self-scanning photodiode array detector (Reticon 1024S) containing 1024 pixels with dimensions of 25 ~tm x 2 mm. Lead tape on a light-tight seal was used to reduce the width of the detector elements to 1 mm. The detector was operated at 194.2 (2) K to reduce the dark current of the photodiode array. CAMAC electronics were used to control the scanning of the array and to process and pass the intensity data to a PDP11 minicomputer where the data were stored on a hard disk for later use. The sample-to-detector distance for this facility is variable, ranging from ca 15 to 50 cm, providing a useful scattering vector range from 0.079 < Q < 0-61 ,~-1 Further details on the SAXS facility on beamline I-4 at SSRL can be found elsewhere (Stephenson, 1982; Russell & Koberstein, 1985) . A second set of SAXS measurements was performed on the ORNL 10 m SAXS facility (Hendricks, 1978) . The incident wavelength of 1.542 A was taken from a 12 kW rotating-anode source (Rigaku-Denki) with a copper target where the Kfl radiation was removed by reflection from a pyrolytic graphite monochromator. Collimation was achieved with a circular 1 mm diameter aperture at the source and a 1 ~tm × 1 mm square aperture at the sample position at 1"75 m distance. The sample-to-detector distance can be varied in 1 m increments from 1 to 5 m. The effective range in Q is 0"005 to 0.42A -1. The detector is a 20 x 20cm position-sensitive proportional device with an active area divided into a 64 x 64 array of approximately 3"2 x 3"2 mm pixels. This geometry approximates a pinhole geometry very well except near the incidentbeam position. A scintillation counter located just downstream from the graphite monochromator and source slit monitored the incident-beam flux. Variations in detection efficiency over the area of the detector are corrected by use of a 5SFe source ( ~ 10 gCi) placed at the sample position.
As with the SANS experiments, all patterns were divided by the product tT and corrected on a cell by cell basis for instrumental backgrounds and detector efficiency, and normalized to constant incident flux. The SAXS and SANS instruments used are pointgeometry cameras with negligible resolution corrections for the type of samples studied, thus eliminating uncertainties associated with desmearing procedures.
Calibration samples
Four types of samples have been studied for the simultaneous calibration of SAXS and SANS experiments.
Vitreous carbon
Vitreous or glassy carbon was suggested as a secondary standard by Perret & Ruland (1972) . It is made by controlled pyrolysis of thermosetting resins. It is a material of considerable mechanical strength and outstanding thermal and chemical resistance. The structure varies with the starting material and the maximum heat-treatment temperature applied. Perret & Ruland (1972) studied the 3300 K material produced by Lockheed Palo Alto Research Laboratory. The size of the micropores (,,~ 34 .~) was assessed by the average correlation length, characterizing the average size scale of heterogeneities, though the intensity was not measured in absolute units. Wignall & Pings (1974) used both SAXS and wide-angle X-ray scattering to characterize a vitreous carbon sample with a maximum heat-treatment temperature of 2070 K and showed that the SAXS patterns could be fit to a good approximation by the Debye-Bueche two-phase model (Debye & Bueche, 1949) . This particular sample has been independently calibrated by SAXS and SANS in absolute units by the methods described below. Hendricks & Shaffer (1978) used four identical samples of glassy carbon with the participation of the International Union of Crystallography (IUCr) and eight laboratories using five different calibration techniques. A sample thickness of ca 1 mm is suitable for both SAXS and SANS experiments.
Polyethylene
The crystallization of polyethylene causes the formation of a periodic stacking of crystalline lamellae separated by amorphous regions. This periodicity gives rise to a maximum in the scattering profile, the position of which yields the long period or the average center-to-center distance of an adjacent crystalline lamellae. The long period is controlled by the crystallization conditions, molecular weight and nature of the polyethylene, annealing conditions etc. Kratky and co-workers (Kratky, 1963 (Kratky, , 1964 Kratky, Pilz & Schmitz, 1966; Pilz & Kratky, 1967) have performed detailed calibrations of one such polyethylene (Lupolen) for long-slit systems where the incident beam at the detector is effectively infinitely long. Use of such specimens under any other type of camera geometry was incorrect since smearing conditions markedly affect the scattering profile. For example, Schelten & Hendricks (1975) showed that a Lupolen sample had a peak height of ,-~6 cm -1 when measured in point geometry, which was reduced to ~ 4 cm-1 in a Kratky long-slit instrument. Schelten, Ballard, Wignall, Longman & Schmatz (1976) measured a polyethylene sample (Eltex A1050) with a peak height of 24(2) cm-1, also using point collimation. Both these samples have been independently calibrated in this work for comparison with previous studies. For SANS studies, however, polyethylene has a neutron scattering-length density close to zero because of the cancellation between the scattering lengths of carbon (be= +0"665 x 10 -12 cm) and hydrogen (b, = -0.374 x 10-12 cm) with an overall atomic ratio of 1:2 for the two elements, respectively. The material has virtually no coherent cross section and has a flat isotropic SANS pattern due mainly to !H incoherent scattering. The normal (hydrogen-containing) material is, therefore, not suitable as a cross calibrant for X-ray and neutron experiments. Because the scattering length of deuterium (bD--0.667 x 10 -12 cm) is positive no such cancellation occurs for deuteropolyethylene. This material has virtually no neutron incoherent cross section and can be used as a cross calibrant for SANS and SAXS experiments, with a suitable sample thickness 1-2 mm for both techniques.
Irradiated aluminium
A widely used set of calibration standards on the NCSASR facilities is a range of A1 single crystals with small percentages (0.4-0.8%) of voids produced by neutron irradiation. In principle, these samples are single crystals with anisotropic scattering patterns, though for Q < 0"014 A-1 the scattering is isotropic and obeys the well known Guinier formula (Hendricks, Schelten & Schmatz, 1974) . These standards have been calibrated against vanadium on the KFAFRJ-2 SANS facility and also independently by measuring the volume fraction of voids by density and TEM measurements with close agreement between these methods and also with the NCSASR calibration. Furthermore, one sample (A1-6) has been cross calibrated by SAXS and SANS by Schelten & Hendricks (1975) , who showed that the ratio of two cross sections was in good agreement with theory. Because of the relatively high absorption of X-rays by A1, the sample thickness for the SAXS experiment (0-074 mm) was much lower than the typical thickness for SANS experiments (~-1 cm). We have repeated this comparison here by performing similar experiments on one sample (AI-8).
Silica particles in elastomeric matrices
It has been shown that silica particles can be grown in several elastomeric networks (Mark & Pan, 1982; Mark, Ning, Jiang, Tang & Roth, 1985) as well as in polyisobutylene elastomers (Sun & Mark, 1987) . We have attempted to use such materials as intercalibration standards. If one assumes that the scattering from the matrix is negligible, small concentrations of SiO 2 particles should obey the Guinier law at small Q provided the particle size distribution is narrow. Moreover, both the SAXS and SANS cross section at Q = 0 can be calculated from first principles given the particle density, and the samples can be expected to be more stable over a longer period of time than Ludox solutions or silica sols.
In view of the multiple calibration methods which have been used in a variety of independent determinations both for SAXS and SANS, the above range of standards seems suitable for the detection of potential artifacts in any one determination. It will be seen that the consistency in the various cross calibrations gives confidence in the final calibration of each standard.
Calibration techniques used
Calibration of the SAXS facility on beamline I-4 at SSRL was achieved using a series of silica sols (Nalco Chemical Company) where the concentration of silica particles was varied from 0.001 to 0.05 g/g solution. The procedure followed here was similar to that described previously (Russell, 1983) . Silica suspensions of known concentration were measured in a scattering cell 1 mm in thickness. After subtraction of the scattering of the suspension medium (water in this case) and the thermal density fluctuation scattering the total integrated scattering dsAxs was determined from
where K is a calibration factor required to convert the measured count rate into absolute units. Owing to the limits on the integral, evaluation of 3SAXS is accomplished by considering three different contributions.
[!
3SAXS = K I(Q)Q2dQ + ~ I(Q)Q2dQ

QI + e2 ~ I(Q)QZdQJ"
The first term on the right-hand side of (3) covers the Q range from 0 to Q~ where Q~ corresponds to the value of Q where the first data point was taken. This integral is well approximated by the area of a triangle with base QI and height I(Q1)Q~. Consequently, this term is given by I(Q1)Q3/2. The second term is simply the numeric integration of the measured count rate from Q~ to Q2 where Qz is the value of Q from which the scattered intensity obeys Porod's law (Porod, 1951 (Porod, , 1952 Ruland, 1971 The invariant is also given in terms of the volume fraction of the suspended silica particles, ~o 1, the volume fraction of the suspension fluid water, ~0z, and the respective electron densities, P l and PE, by "~SAXS = 2~2q91 q92 (Pl --tO2)2" (4) Since the electron densities of the silica particles and water are known and the volume fraction of the two can be determined independently, then all the parameters in (4) are known and the constant K in (2) can be determined. An agreement of better than 1% for K was found for all the sol concentrations studied. Since the measurement of sols is inconvenient, a polyethylene specimen with a well defined scattering maximum was measured at this time to serve as a secondary standard. Thus, evaluation of dX(Q)/df2
I(QM)s tT
where K is the calibration constant determined from the sol measurements, I(QM)~ is the intensity of the peak maximum of the polyethylene measured during the sol studies, I(QM)m is the intensity of the polyethylene peak maximum measured during the experiment of interest, and the other parameters have been previously defined. The primary calibration of the 10 m machine was based on water scattering whose properties are well known and have been studied at small angles (Hendricks, Mardon & Shaffer, 1974) . The scattering, although small, is essentially constant over the range of typical scattering experiments. The sample-todetector distance was set at 1.126 m to maximize signal-to-background ratio. A scattering cell of 1 mm nominal thickness was used with Kapton windows. Transmission of the filled and empty cell was measured in scattering position using the attenuation of radiation from a strong scatterer. The thickness of the water specimen was calculated from the corrected transmission where an attenuation coefficient of 9-81 cm-1 was calculated from the density of water and attenuation cross sections (International Tables for X-ray Crystallography, 1974) . A small correction for multiple scattering was included in the consideration of the theoretical or reference cross section (6"30 e.u./molecules = 0-0167 cm-1) (e.u. = electron units). The calibration constant determined from the water at 1"126 m scattering was then used in experiments at other settings by scaling with the square of the sample-to-detector distance ratio.
We note in passing that nickel foil attenuation of the incident beam did not give satisfactory agreement with any of the scattering experiment calibrations. Errors by factors up to 2 were found. It was observed that the apparent shape of the incident beam depended on the incident flux and there was a reduced relative peak intensity as the number of foils was decreased. This pointed to a loss of local detector efficiency due to space charging effects and coincidence losses at high localized count rates (Hendricks, 1969) . Since the effect is systematic, the incident intensity extrapolated at zero nickel foil thickness would consequently be lower than the total value and cause the absolute intensities to be too high, as observed experimentally.
The absolute calibration of the SANS spectrometer has been described in great depth elsewhere (Wignall & Bates, 1987) . In reference to (1), conversion of the measured SANS count rate to absolute units requires the evaluation of the calibration constant KN which is given by eloAa. KN has been determined from the scattering of vanadium and water, both of which are isotropic scattering specimens with a count ratio independent of Q, and by measurement of the incident beam flux using calibrated attenuators. KN has also been determined by measurement of the molecular weights of a series of polymers in solution and in the solid state where the molecular weights of the polymer molecules are known. Good agreement in the values of KN has been obtained by these different measurements. The reader interested in these measurements should consult the literature cited. 
Results and intercomparison of standards
The Debye-Bueche formula is given by
where a is a correlation length (Debye & Bueche, 1949) . Thus a plot of [dS -1/2(Q)/dY2]versus Q2 should be linear with slope-to-intercept ratio of a 2. Figs. 1-3 show such plots for SANS and SAXS data of vitreous carbon taken at ORNL and SSRL. The SSRL SAXS data were calibrated with respect to silica sol standards (Russell, 1983) and the ORNL SAXS data were calibrated with respected to water as described previously. Because of slight departures from linearity, the data are fitted only for Q values between 0.045 < Q <0.11/k -1 and the correlation lengths from both yields good quantitative agreement between the techniques. In an effort to provide further standards for the scattering community, fresh glassy carbon specimens were purchased from Atomegic Chemical (Plainview, New York). Measurements by both SANS and SAXS in this case were not in quantitative agreement. Discrepancies of the order of 50% were noticed between the two techniques. In fact, for either SAXS or SANS the value of [dS(Q)/dO]lQ=o was found to change with time and conditions under which the sample was studied, i.e. whether ambient pressure or vacuum. Consequently, the freshly prepared glassy carbon specimen was changing with time, either absorbing or desorbing impurities which dramatically altered [dX(Q)/df2]lo=o and the correlation length. These results stand in marked contrast to the studies on the well aged glassy carbon specimen reported here. The precise origin of this difference is unknown at this time.
Measurements on two different polyethylene standards are shown in Fig. 4 . The first is the Lupolen (Kratky) standard, whereas the second is a highdensity polyethylene (Eltex A 1050). The first feature to be observed from these data is that despite the fact that both samples are polyethylene, the scattering profiles are profoundly different. This is not surprising, since the branching content and the thermal treatment of the samples are different. However, this difference should be noted and clearly shows that comparisons between different polyethylene samples must be done with care. Clearly, the long period, absolute intensity and the width of the reflection can vary dramatically. The Lupolen standard exhibits a broad weak reflection with a maximum near 0.03 A-1 Three separate determinations of [dS,(Q,,) /df2] were found to be 5.3(5) (ORNL 10 m SAXS), 5"03(20) (SSRL) and 6.0(5) cm -1 (Schelten & Hendricks, 1975) , thereby yielding a value of 5.4(5)cm -1. It should be mentioned that the Lupolen standard was developed primarily for slit collimation and for most specimens the intensity at 0.0628 A-1 corresponding to a Bragg spacing of 150 A was used for calibration. Smearing the data in Fig. 4 would produce a scattering profile that varies gradually in the 0"06 A,-1 range, thereby reducing errors on the determination of the absolute intensity constant. For most slit systems, it would be difficult to resolve the maximum in the scattering profile and only a shoulder would be evident. Reducing the long period would only make the specimen sensitive to storage temperatures. For these reasons, Kratky and co-workers specifically selected a polyethylene specimen with a poorly resolved broad scattering profile. The Eltex A1050, on the other hand, shows a pronounced scattering maximum at ca 0.0275 A-1. Vestiges of a third-order reflection are seen near 0.06 .~-1 The lack of higher-order reflections is due to distributions of crystal thickness, diffuse phase boundary between the crystalline and amorphous phases, and symmetry conditions since this polyethylene has a degree of crystallinity close to 50%. [dS(Qm)/df2 ] for Eltex A1050 has been measured by Schelten et al. (1976) Differences in the coherent scattering cross sections of the amorphous and crystalline phases for the samples described, while finite, are too small to permit quantitative use of SANS on the samples. As described above, neither of these samples has a finite coherent (Kratky) standards (ORNL 10 m SANS).
cross section for neutrons and comparisons between SAXS and SANS determination are not possible. For deuterated polyethylene, however, the coherent cross sections should be proportional and Fig. 5 shows SAXS and SANS data for a deuteropolyethylene where the SAXS data were calibrated via Ludox suspensions. The data can clearly be superimposed to a good approximation by a multiplicative factor after the small incoherent background has been subtracted. Deuteropolyethylene may be regarded as a threephase system (crystal, amorphous and voids) and level of deuteration is 95%. Because the electron density or scattering-length density of the voids is zero the SAXS and SANS patterns can be scaled as for two-phase systems (Wu, 1982) . The theoretical ratio of SAXS and SANS intensities for a 95% deuterated material is 1"41 compared with the observed ratio over the two scattering patterns (Fig. 4 ) of 1-31(12). Deuteropolyethylene (PED) thus seems to be a suitable intercalibration standard for SAXS and SANS data. Fig. 6 shows a Guinier plot for the SANS data of an irradiated aluminium sample (A1-8). Fig. 7 shows the equivalent SAXS data taken at a sample-to-detector distance of 510cm on the ORNL 10 m SAXS machine. The ratio of the observed X-ray (22 300 cm-1) and neutron (223cm -1) [dS(Q)/df2]]o= o is 100.0 compared with the theoretical ratio (13x.2"82 x 10-13/0.345 x 10-12)2= 112.9. The differences can be attributed to the finite resolution of the 10 m SAXS machine which gives R~ = 218 A, compared with the more correctly determined value of 227(2),~ (Hendricks, Mardon & Shaffer, 1974) . Simulation of the instrumental smearing effects by Monte Carlo techniques (Wignall, Christen & Ramakrishnan, 1988) indicates that the particular geometry used results in a reduction of 7% and 3.5% for [dZ(Q)/dl2]le= o and R,, respectively. After correction for these effects, the observed ratio of cross sections is within 6% of that predicted by theory. Figs. 8 and 9 show typical Debye-Bueche plots of SAXS and SANS data for dispersion of SiO2 in polyisobutylene. Guinier plots for this type of sample are nonlinear, presumably owing to polydispersity effects, but the Debye-Bueche analysis fits the data well and the intensities scale with concentration for both techniques. The main problem with this system is that the correlation lengths measured via SAXS (48-70 A 1 fell well below those measured by SANS (90-111 A). It is, therefore, not possible to scale the data from the two techniques by a simple multiplicative factor which can be checked from theory. This type of sample does not seem to be as promising as vitreous carbon, irradiated aluminium or deuterated polyethylene, though further work is in progress using different polymer matrices (e.g. polydimethylsiloxane). Table 1 shows values of the peak height for the Eltex A1050 and Lupolen materials independently measured by different techniques. There is good consistency between the independent calibration methods used, and these standards are used for SAXS calibration near Q values --~ 0.025 A-1 Table 2 shows SAXS and SANS data for vitreous carbon. The correlation lengths for SAXS and SANS are consistent when fit in the same Q range and the measured ratios of [dZ(Q)/dO][e= o for SAXS and SANS are in good agreement with the theoretical value. Similar agreement is evident in the case of deuteropolyethylene and irradiated aluminium and those types of standards seem to be ideal materials for intercalibration of SAXS and SANS facilities (Table 3) . A range of vitreous carbons is currently available and we are examining the possibility of calibrating a set of such standards for use by other laboratories. If the data from these materials are sufficiently reproducible from sample to sample and stable with time, precalibrated samples will be made available on request. Hendricks (1975) . ~: Schelten, Ballard, Wignall, Longman & Schmatz (1976) . § Hendricks, Mardon & Shaffer (1974) . 
